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Abstract 
The main purpose of this study to examine the prospective primary school teachers' ability to transform multiple representations. 
This study is a descriptive survey model that has been applied to determine prospective teachers' skills of transforming multiple 
representations. The sample of this study was consisted of 134 prospective teachers who are at the third grade at the department 
of Primary School Education in a state university in the 2012-2013 academic year. "Multiple Representation Transformation 
Test" which was developed by the researcher was used as the data collection tool in the research. In conclusion, the prospective 
primary teachers are usually successful in transformations between representations; however, that they, in this process, are 
unsuccessful in transforming especially oral representations into other representations. Based on this result, the factors that cause 
the failures of the prospective teachers in transforming oral representation can be analyzed in another study. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
Representation is the process of a kind of configuration (Goldin & Kaput, 1996) and it is the way of presenting 
something in another situation. The representation in the processes of teaching is a tool to support students' 
mathematical understanding (Salkind, 2007) and is helps them to organize their thoughts (Cathcart, Pothier, Vance 
& Bezuk, 2006). American National Council of Teachers of Mathematics, (NCTM, 2000) emphasizes the 
importance of the concept of "representation", especially in the process of teaching. In this regard, the use of 
diagrams, graphs, tables and symbols in expressing mathematical ideas and relationships and the transition between 
them are of great importance.  
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There are different approaches about the classification of representations (Cai, 2005; Goldin 1998; Goldin & 
Janvier, 1998; Goldin, & Shteingold, 2001; Lesh, Post and Behr, 1987). In this research, the transformations of a 
problem situation into the oral (spoken language), tabular, graphical and algebraic representations are discussed on 
the basis of the classifications developed by Lesh, Post and Behr (1987): 
Statistic Pictures (Tabular and Graphical Representations); the form of representation called as pictures, shapes, 
diagrams, table and graphs mean illustration of the mathematical thoughts. 
Manipulative Models; is identified as he objects the students can touch or hold. 
Spoken Language (Oral Representation); can be explained as the situation that students can understand a 
problem, can reason. "For example; the ratio of boys to girls in a class is 3/8. If there are 9 boys in the class, how 
many girls are there in the class?” 
Written Language (Algebraic representations); are mathematical symbols and mathematical expressions created 
with a combination of symbols. "For example; symbols such as x+5=7 can be given as an example of written 
language. 
Real Scripts; is the interpretation and resolution of a situation within the framework of real events (Van De 
Walle, 2007; Cathcart et al., 2006). 
In reviewing the related literature, it can be seen that the studies on multiple representations generally 
concentrated on the primary level (Cai, 2004; Gagatsis & Elia, 2004; Kilic, 2009; Neria & Amit, 2004; Sert, 2007). 
However, there is a limited number of undergraduate level research (Delice & Sevimli, 2010; Even, 1998; İpek & 
Okumus, 2012; Stylianou, 2010). In this context, when the studies conducted at the level of undergraduate, it can be 
seen that these studies are mainly concentrated on prospective teachers of math. For example, Even (1998) 
concluded that the prospective teachers are not very successful in transitions between the representations as a result 
of his research in which he examined the knowledge of 152 prospective teachers of math about the subject functions 
and how to transformations from one representation to another. Similarly, Delice and Sevimli, in their research, also 
examined the relationship between the representations used in the subject integral and the success of problem-
solving. As a result of the study, it was concluded that the prospective teachers do not have sufficient knowledge 
about the subject integral with the aspects of representation knowledge and the ability to use different 
representations. In addition, while those candidates who are successful from the aspect of concept can use different 
representations by associating them, those who are successful from the aspect of transaction information mostly used 
algebraic representations. Again, as a result of the research Ipek and Okumus (2012) conducted on what kind of 
representation the prospective primary school math teachers use in problem solving processes and on the problems 
they have about these representations, is was determined that the prospective teachers mostly use oral 
representations. However, the fact that the prospective teachers had some problems such as not being able to create 
an appropriate representation in the phase of understanding the problem and not being able to transformations 
between the representations are other important findings obtained from this study.  
In summary, as can be understood from the researches above, it can be clearly seen that the pre-service 
mathematics teachers are not at sufficient level in the transition between multiple representations and that they have 
difficulties in transformations between representations. Based on this idea, this study aims to examine the 
prospective primary school teachers' ability to transform multiple representations. In accordance with this general 
objective, sub-objectives of this study are as follows: 
1) What are the prospective teachers' levels of transforming the expressions given in the form of tabular 
representation into graphical, algebraic and oral representations? 
2) What are the prospective teachers' levels of transforming the expressions given in the form of algebraic 
representations into tabular, graphical and oral representations? 
3) What are the prospective teachers' levels of transforming the expressions given in the form of graphical 
representation into tabular, algebraic and oral representations? 
4) What are the prospective teachers' levels of transforming the expressions given in the form of oral 
representation into tabular, algebraic and graphical representations? 
2. Method 
This study is a descriptive survey model that has been applied to determine prospective teachers' skills of 
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transforming multiple representations. 
2.1. The Sample 
The sample of this study was consisted of 134 prospective teachers who are at the third grade at the department 
of Primary School Education in a state university in the 2012-2013 academic year and 75% (101) of the prospective 
teachers were female and 25% (33) were male. When the type of high school they graduated are examined, 63.9% 
(85) of the prospective teachers graduated from general high schools, 25 % (37) from Anatolian high school, 3.8% 
(5) from teacher high school and 4.5% (7) from other kinds of high schools.  
2.2. Data Collection Tool 
"Multiple Representation Transformation Test (MRTT)" which was developed by the researcher was used as the 
data collection tool in the research. The questions in this test were prepared by analyzing existing studies in the 
literature. The test includes oral (spoken language), tabular, graphical and algebraic representations on the basis of 
representation classifications developed by Lesh, Behr and Post (1987).  
In the first section of the test consisting of four sections, there are three questions that requires transition from 
tabular representation to graphical, algebraic and oral representation, in the second section there are three question 
that requires transition from algebraic representation to graphical, tabular and oral representation, in the third section 
there are three questions that require transition from graphical representation to tabular, algebraic and oral 
representation and in the last section there are three questions that require transition from oral representation to 
tabular, algebraic and graphical representation. The "Multiple Representation Transformation Test (MRTT)" 
consisting of 12 questions mentioned above was handed out to the prospective teachers and they completed this test 
in about 50 minutes.  
2.3. Data Analysis 
The data that the prospective teachers obtained from the MRTT were examined and was coded as "1" if the 
transitions between the representations were correct and as "0" if they are incorrect. In addition, the types of the 
problems written as oral representation were also investigated.  
In order to test the validity of the Multiple Representation Transformation Test, the opinions of experts were 
asked and it was determined by two experts in the field of mathematics education that the test had the validity of 
concept and appearance from the aspects that it aims to measure. Each question in the test can be solved using 
different notations. The answer sheets of 10 students who answered this test were randomly selected in order to 
determine the reliability of MRTT and the answer sheet were analyzed separately by two faculty members from the 
department of mathematics education. In this context, as a result of the calculation made using the formula 
"Consensus/ (Consensus + Dissensus) X 100" recommended by Miles & Huberman (1994), the cohesion between 
the coders was calculated as .97.  
3. Results 
The findings obtained as a result of the analysis made in order to examine the prospective teachers' levels of 
transforming mathematical operations into multiple representations were presented in parallel with the sub-
objections of the research.  
The data obtained that are related to the expression of the questions given in tabular representation form in the 
first objective of the research as graphical, algebraic and oral representation forms are presented in Table 1.  
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Table 1. Frequency and Percentage Distribution of the Questions Given in Tabular Representation Form related to Graphical, Algebraic and Oral 
Representation Forms 
Question Numbers Graphical Representation Algebraic Representation Oral Representation 
Correct Wrong Correct Wrong Correct Wrong 
f % f % f % f % f % f % 
1 127 90.1 14 9.9 121 85.8 20 14.2 114 80.9 27 19.1 
2 116 82.3 25 17.7 113 80.1 28 19.9 75 53.2 66 46.8 
3 119 84.4 22 15.6 122 86.5 20 13.5 82 58.2 59 41.8 
 
When Table 1 is examined, it can be seen that the success of transforming the questions given tabular 
representation form into graphical and algebraic representations is at least 80%. On the other hand, in transforming 
the questions given tabular representation form into oral representations, it can be seen that 81% of the prospective 
teachers gave the correct answers for the first question, 53% of them answered the second question correctly and 
58% of them answered the third question correctly. Accordingly, the success of the prospective teachers to 
transform the questions given in tabular representation form into graphical and algebraic representation forms can be 
said to be higher than the success of transforming into oral representations.  
The data obtained that are related to the expression of the questions given in algebraic representation form in the 
form of tabular, graphical and oral representation forms are presented in Table 2.  
Table 2. Frequency and Percentage Distribution of the Questions Given in Algebraic Representation Form related to Graphical, Tabular and Oral 
Representation Forms 
Question Numbers 
 
Tabular Representation Graphical Representation Oral Representation 
Correct Wrong Correct Wrong Correct Wrong 
f % f % f % f % f % f % 
4 106 75.2 35 24.8 94 66.7 47 33.3 83 58.9 50 41.1 
5 123 87.2 18 12.8 123 87.2 18 12.8 96 68.1 45 31.9 
6 122 86.5 18 13.5 123 87.2 18 12.8 80 56.7 61 43.3 
 
When Table 2 is examined, it can be clearly seen that 75% of the prospective teachers transformed the question 
given in the form of algebraic into tabular representation form, 68% of them transformed into graphical 
representation form and 50% of them transformed into oral representation form. Another important findings 
obtained from the table is that approximately %87 of the prospective teachers, in the same context, were able to 
transform the 5th and 6th questions into tabular and graphical representation form. However, 68% of the prospective 
teachers could express the 5th question and 57% of them expressed the 6th question in the form of oral 
representation. 
The data obtained that are related to the expression of the questions given in graphical representation form in the 
form of tabular, algebraic and oral representation forms are presented in Table 3.  
When Table 3 is examined, it can be seen that at least 75% of the questions given in the form of graphical 
representation could be transformed by the prospective teachers into tabular and algebraic representations. On the 
other hand, it was found that approximately 60% of the prospective teachers were able to transform the questions in 
the same context into oral representation form. Accordingly, the success of the prospective teachers to transform 
into graphical and algebraic representations can be said to be higher than the success of transforming into oral 
representations.  
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Table 3.Frequency and Percentage Distribution of the Questions Given in Graphical Representation Form related to Tabular, Algebraic and Oral 
Representation Forms 
Question Numbers Tabular Representation Algebraic Representation Oral Representation 
Correct Wrong Correct Wrong Correct Wrong 
f % f % f % f % f % f % 
7 123 87.2 18 12.8 109 77.3 32 22.7 83 58.9 58 41.1 
8 122 86.5 19 13.5 111 78.7 30 21.3 87 61.7 54 38.3 
9 106 75.2 35 24.8 109 77.3 32 22.7 88 62.4 53 37.6 
 
The data obtained that are related to the expression of the questions given in oral representation form in the form 
of tabular, algebraic and graphical representation forms are presented in Table 4.  
Table 4. Frequency and Percentage Distribution of the Questions Given in Oral Representation Form related to Tabular, Algebraic and Graphical 
Representation Forms 
Question Numbers 
 
Tabular Representation Algebraic Representation Graphical Representation 
Correct Wrong Correct Wrong Correct Wrong 
f % f % f % f % f % f % 
10 83 27 103 73 47 33.3 94 66.7 29 20.6 112 79.4 
11 30 21.3 111 78.7 34 24.1 107 75.9 29 20.6 112 79.4 
12 58 41.1 83 58.9 74 52.4 67 47.6 54 38.3 87 61.7 
 
When Table 4 is examined, it can be seen that the questions that are given in the form of oral representation form 
can be transformed into algebraic representations most (33%, 24%, 52%); and into graphical representations least 
(21%, 21% and 38%). Accordingly, it can be said that very few of the prospective teachers (about one quarter) 
transformed the questions given in the form of oral representation into tabular, algebraic and graphical 
representation forms. 
4. Discussion, Conclusion and Recommendations 
In this study that is conducted in order to determine the skills of prospective teachers to transform multiple 
representations, it has been primarily concluded that the prospective teachers are able to transform tabular, 
graphical, algebraic and oral representation forms into each other. The finding obtained from the study shows 
parallelism with the findings of other studies in the literature (Akkoc, 2005; Akkus & Cakiroglu, 2006).  
On the other hand, as the first sub-objectives of the research, to what extent are the prospective teachers able to 
transform the expressions given in the form of tabular representation into graphical and algebraic representations is 
questioned. In this regard, it is conspicuous that the prospective teachers are quite successful. This result shows 
parallelism with the studies of Akkus & Cakiroglu, 2006; Cai, 2004; Edens & Potter, 2008; and Gagatsis & Elia, 
2004. Cai, as a result of his research he examined the representation types Chinese and American students use in the 
process of problem solving, has conducted that the students in both groups used both visual (picture) and algebraic 
representations successfully.  
In the second sub-objective of the research, the success of the prospective teachers in transforming algebraic 
representations into tabular and graphical representation forms is questioned. In this context, it has been concluded 
that the prospective teachers are quite successful in transforming algebraic representations into tabular and graphical 
representations, but that the level of success of them is low in oral representation transforms. This result shows 
parallelism with the studies of Delice & Sevimli, 2010; Sert, 2007; Cai, 2004; Gagatsis & Elia, 2004. For example, 
Gagatsis and Elia have concluded that the students had much difficulty in transforming algebraic representations 
into oral representations. Similarly, Delice and Sevimli (2010) also investigated the representations used in the 
subject integral, transformations between representations and the relationship between this situation and problem-
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solving success. As a result of the research, it was concluded that, in transformations between the representations, 
the prospective teachers are more successful within the context of algebraic representations compared to other 
representations. 
Again, in another sub-objective of the research, the success of transforming the question given in the form of 
graphical representation into tabular and algebraic representations is discussed. In this context, it was concluded that 
the prospective teachers are quite successful in transforming the questions given in the forms of graphical 
representations into tabular and algebraic representations. This result shows similarity with the results of other 
researches in the literature (Cai, 2004; Gagatsis & Elia, 2004). In this regard, Gagatsis and Elia, in their research 
they carried out about representations and transitions between representations, have concluded that the students were 
able transform the prototype graphical form into tabular form; and the expressions given in the form of tabular into 
algebraic forms. On the other hand, another important result obtained from the research is that the prospective 
teachers are less successful in transforming the questions given in the form of graphical representation into oral 
representation. This result shows parallelism with the results of other researches (İpek & Okumus, 2012; Delice & 
Sevimli, 2010; Kardes, 2010; Sert, 2007; Billings and Klanderman, 2000; Eisenberg, Dreyfus, 1991; Arcavi, 2003; 
Cai, 2004; Edens & Potter, 2008; Isik, Isik, & Kar, 2011). In this context, Isik et al., in their research, have revealed 
that the prospective mathematics teachers have difficulty in expressing the graphics questions given in the form of 
visual representation as in the form of oral representation. Again, Billings & Klanderman have revealed that 
prospective primary and mathematics teachers have difficulty in transforming graphical problems into oral 
expressions.  
In the fourth sub-objection of the research, the success of the prospective teachers in transforming the questions 
given in the form of oral representation into tabular, algebraic and graphical representations is discussed. In this 
context, it has been concluded that the success of the prospective teachers in transforming the questions given in the 
form of oral representation into tabular, algebraic and graphical representations is low. This result shows parallelism 
with the study of Neria & Amit (2004). On the other hand, it can be seen from the research that the prospective 
teachers are more successful in transforming from oral representations into algebraic representation compared to 
other transformations between representations. This result shows similarity with the studies of Delice and Sevimli, 
2010 and Kardes, 2010.  
Based on the results above, in summary, it can be clearly seen that the prospective teachers are usually successful 
in transformations between representations; However, that they, in this process, are unsuccessful in transforming 
especially oral representations into other representations. Based on this result, the factors that cause the failures of 
the prospective teachers in transforming oral representation can be analyzed in another study. 
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